AD- A 172  620 


* 

■ 


OFFICE  OF  NAVAL  RESEARCH 
Contract  N00014-85-K-0748 
Technical  Report  No.  7 


Photolysis  of  Segmented  Polyurethanes. 

The  nole  of  Hard-Segment  Content  and  Hydrogen  Bonding. 


by 


C.  E.  Hoyle,  K.  J.  Kim,  Y.  G.  No,  and  G.  L.  Nelson 


Prepared  for  Publication  in 
Journal  of  Applied  Polymer  Science 


Department  of  Polymer  Science 
University  of  Southern  Mississippi 
Southern  Station  Box  10076 
Hattiesburg,  MS  39406-0076 


t 


Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of 
the  United  States  Government. 


This  document  has  been  approved  for  public  release  and  sale;  its 
distribution  is  unlimited. 


86  l'1  61  190 


REPORT  DOCUMENTATION  PACE 


la.  REPORT  SECURITY  CLASSIFICATION 

NONE 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 

NONE 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 

NONE 


4.  PERFORMING  ORGANIZATION  REPORT  NUM8ER(S) 


ONR  //  7 


6a.  NAME  OF  PERFORMING  ORGANIZATION 

University  of  Southern 
Mississippi 


6c.  ADDRESS  (City.  State,  and  ZIP  Code) 

University  of  Southern  Mississippi 
Polymer  Science  Department 
Southern  Station  Box  1 0076 
Hattiesburg,  MS  39406-00/6 


6b.  OFFICE  SYMBOL 
(If  applicable ) 


8a.  NAME  OF  FUNDING/SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 

800  N.  Quincy  Avenue 
Arlington  ,  VA  22217 


1 1  TITLE  (Include  Security  Classification ) 


8b.  OFFICE  SYMBOL 
(If  applicable) 


lb.  RESTRICTIVE  MARKINGS 

NONE 


3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

UNLIMITED 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

ONR  N00014-85-K-0748 


7a.  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 


7b.  ADDRESS  (City,  State.  and  ZIP  Code) 

800  North  Quincy  Avenue 
Arlington,  VA  22217 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 


PROJECT 

NO. 


WORK  UNIT 
ACCESSION  NO 


12.  PERSONAL  AUTHOR(S) 


13a  TYPE  OF  REPORT 

Technical 


16.  SUPPLEMENTARY  NOTATION 


13b.  TIME  COVERED 
FROM  _  TO 


14.  DATE  OF  REPORT  (Year.  Month.  Day)  15.  PAGE  COUNT 

9/24/86 


Submitted,  Journal  of  Applied  Polymer  Science 


17. _ _ COSATI  CODES _ J  18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

FIELD  I  GROUP  I  SUB-GROUP  1 


19.  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

— «The  photodegradation  of  segmented  polyurethanes  based  on  methylene  4 ,4 ' -diphenyl - 
diisocyanate  (MDI)  is  shown  to  be  dependent  on  the  physical  structure  of  the  polymer.  As 
the  hard  segment  content  of  the  polyurethane  is  increased,  the  photodegradation  efficiency  is 
lowered.  In  particular,  the  extent  of  the  photolytic  decomposition  is  inversely  dependent  on 
the  degree  of  hydrogen  bonding  in  the  aryl  carbamate  groups  in  the  polyurethane  backbone. 
Utilizing  appropriate  model  compounds  for  comparison,  the  formation  of  the  ortho  photo-Fries 
rearrangement  product,  as  detected  by  fluorescence  spectroscopy,  is  also  shown  to  be  dependent 
on  the  degree  of  hydrogen  bonding.  In  general,  the  restrictive  mobility  imposed  by  hydrogen 
bonding  is  a  critical  factor  which  must  be  considered  in  the  photochemistry  of  segmented 


polyurethanes , 

/ 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

CDunclassifiedajnlimiteo  13  same  as  rpt. 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Charles  E.  Hoyle 


□  OTIC  USERS 


21.  ABSTRACT  SECURITY  CLASSIFICATION 


22b,  TELEPHONE  (Include  Area  Code)  22c.  OFFICE  SYMBOL 

(601 )266-4868 


DO  FORM  1473, 84  mar 


83  APR  edition  may  be  used  until  exhausted. 
Al!  other  editions  are  obsolete. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


PHOTOLYSIS  OF  SEGMENTED  POLYURETHANES 


THE  ROLE  OF  HARD-SEGMENT  CONTENT  AND  HYDROGEN  BONDING. 


by 


Charles  E.  Hoyle,  Kyu-Jun  Kim,  Y.  G.  No,  and  G.  L.  Nelson 
Department  of  Polymer  Science  4 

University  of  Southern  Mississippi 

Southern  Station  10076 
Hattiesburg,  MS  39406-0076 


The  photodegradation  of  segmented  polyurethanes  based  on 
methylene  4 , 4 ' - d i p h e n y 1 d i i s o c y a n a t e  (MDI)  is  shown  to  be 
dependent  on  the  physical  structure  of  the  polymer.  As  the  hard 
segment  content  of  the  polyurethane  is  increased,  the 
photodegradation  efficiency  is  lowered.  In  particular,  the 
extent  of  the  photolytic  decomposition  is  inversely  dependent  on 
the  degree  of  hydrogen  bonding  in  the  aryl  carbamate  groups  in 
the  polyurethane  backbone.  Utilizing  appropriate  model  compounds 
for  comparison,  the  formation  of  the  ortho  photo-Fries 
rearrangement  product,  as  detected  by  fluorescence  spectroscopy 
is  also  shown  to  be  dependent  on  the  degree  of  hydrogen  bonding. 
In  general,  the  restrictive  mobility  imposed  by  hydrogen  bonding 
is  a  critical  factor  which  must  be  considered  in  the 
photochemistry  of  segmented  polyurethanes. 


INTRODUCTION 


Since  their  fir?  .  introduction,  polyurethanes  based  on 
aromatic  diisocyanates  have  been  employed  in  a  wide  variety  of 
commercial  applications.  However,  when  used  in  coatings 
applications  aromatic  diisocyanate  based  polyurethanes 
(hereafter  called  aromatic  polyurethanes)  show  low  resistance  to 
ultraviolet  radiation  (1).  As  a  result,  in  many  cases  aromatic 
polyurethanes  have  been  relegated  to  limited  use  in  favor  of  the 
more  expensive  aliphatic  diisocyanate  based  polyurethanes. 

Two  primary  schemes  (shown  below)  have  been  proposed  to 
account  for  the  photodegradation  of  aromatic  polyurethanes.  One 
(2-7)  results  in  the  formation  of  colored  quinoid  products 
(Scheme  I)  while  the  other  (Scheme  II)  yields  photo-Fries 
rearrangement  and  cleavage-type  products  (3).  Once  formed,  the 
photo- Fries  products  could  then  yield,  upon  photolysis,  colored 
azo  compounds  (Scheme  II). 

SCHEME  I 


monoquinone  imide  diquinone  imide 
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SCHEME  II 
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Colored  Azo  Products 


Both  schemes  account  for  the  ultimate  discoloration  of  aromatic 
polyurethanes.  In  support  of  the  photo-Fries  mechanism,  several 
research  groups  using  model  compounds  such  as  ethyl  N -phenyl 
carbamate  (EPC)  [see  Scheme  III  below]  have  found  that  indeed 
photolysis  of  aryl  carbamates  gives  photo-Fries  products  (3-15). 

SCHEME  III 


COjEt 


In  a  recent  account,  Gardette  and  Lemaire  (17-19)  suggest  that 
either  the  quinoid  type  structures  or  the  photo-Fries  products 
may  form  depending  on  the  wavelength  of  excitation  as  shown  in 
Scheme  IV. 


2 


SCHEME  IV 


Despite  the  number  of  reports  on  the  photolysis  of  aromatic 
polyurethanes  and  related  model  compounds,  few  if  any  deal  with 
the  effect  of  the  polyurethane  structure  and  physical  state  on 
the  photodegradation  process.  In  this  paper,  we  present  results 
for  the  photolysis  of  aromatic  polyurethane  segmented  elastomers 
showing  that  the  photolysis  process  is  directly  related  to  the 
"hard-soft"  segment  content  of  the  polyurethane.  In  particular, 
it  is  demonstrated  that  the  p h o t o d e g r a d a t i on  can  readily  be 
related  to  the  extent  of  hydrogen  bonding  in  the  segmented 
polymer.  First,  results  for  the  steady-state  and  time-resolved 
fluorescence  analysis  of  small  molecule  aryl  carbamates  are 
presented  to  establish  the  role  of  the  photo-Fries  rearrangement 
process  in  the  photolysis  of  model  aryl  carbamates  in  solution. 
Then  the  fluorescence  analysis  procedure  is  extended  to  studies 
of  model  biscarbamates  and  segmented  aromatic  polyurethanes. 
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EXPERIMENTAL 


Methylene  4f4'-diphenyldiisocyanate  (MDI-Mobay)  was 
recrystallized  before  use.  1 , 4 - Bu t a n ed i o 1  (Aldrich)  used  in 
polyurethane  preparation  was  distilled  prior  to  use.  Poly 
(ethylene  oxide)  (PEO)  (Aldrich)  and  poly  ( tetrame thy lene  oxide) 
(PTMO)  ( Poly science )  were  dehydrated  under  a  rough  vacuum  at  50 #C 
for  1  day.  Polyurethane  elastomers  were  prepared  by  a  prepolymer 
method  ( 20) . 

The  segmented  polyurethane  elastomer  films  were  cast  on 
aluminum  dishes  from  DMF  .  For  percent  gel  formation  and 
absorbance  changes  of  films,  as  well  as  the  fluorescence  lifetime 
measurements  of  photolyzed  solutions,  photolysis  was  performed 
with  either  300  nm  or  350  nra  lamps  (Rayonet  Reactor)  for  various 
time  periods.  For  the  percent  gel  formation  determinations,  the 
photolyzed  films  were  dissolved  in  hot  DMF  and  the  insoluble  gel 
was  collected,  dried  in  a  vacuum  oven,  and  weighed.  The  films 
subjected  to  fluorescence  analysis  were  photolyzed  with  a  xenon 
lamp  (150  Wa  1 1 ) /monochroma  tor  combination  at  280  nm  with  5  nm 
monochromator  slit  widths. 

Steady  state  fluorescence  spectra  were  recorded  using  a 
Perkin-Elmer  fluorescence  spectrometer  model  650-10S.  The 
fluorescence  decay  curves  were  obtained  with  a  single-photon¬ 
counting  apparatus  from  Photochemical  Research  Associates  (PRA). 
The  data  were  analyzed  by  a  software  package  from  PRA  based  on 
the  iterative  convolution  method.  UV  speccra  were  recorded  on  a 
Perkin-Elmer  320  dual-beam  spectrophotometer.  The  thermal 
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transitions  o  the  polymers  were  examined  with  a  DuPont  910 
differential  scanning  calorimeter.  IR  spectra  were  recorded  on  a 
Nicolet  Instrument  Corporation  *200  S. 

RESULTS  AND  DISCUSSION 

The  results  and  discussion  section  is  divided  into  two 
parts.  The  first  deals  with  photolysis  of  model  aryl  carbamates 
and  biscarbamates  and  establishes  the  background  and  methods  to 
aid  in  interpretation  of  the  results  for  the  segmented  poly¬ 
urethanes.  The  second  part  presents  results  for  the  photolysis 
of  segmented  aromatic  polyurethanes  and  relates  the  hard  segment 
content  and  degree  of  hydrogen  bonding  in  the  polyurethane  to  the 
extent  and.  mechanism  of  degradation. 

Photolysis  of  Model  Aryl  Mono-  and  Biscarbamates  Judging  from 
the  reported  products  produced  by  the  w ell-studied  photolysis  of 
E ?  C  (depicted  in  Scheme  III)  one  would  expect  a  photolyzed 
solution  of  E?C  to  give  a  well  defined  and  quite  characteristic 
fluorescence  emission  spectrum.  In  an  earlier  report,  we  have 
shown  that  the  steady-state  fluorescence  of  EPC  is  totally  lost 
upon  photolysis  (300  nm  lamps  of  a  Rayonet  Reactor)  and  replaced 
by  two  new  emission  peaks,  one  with  a  maximum  at  —  340  nm  and  the 
other  with  a  maximum  above  400  nr.i  (21).  The  fluorescing  species 
have  been  tentatively  assigned  (see  reference  21)  by  comparison 
with  the  steady -state  fluorescence  of  authentic  samples  of  the 
photo-Erics  products  of  EPC.  Figure  1  gives  the  fluorescence 
decay  curve  (  X  e  m  =  420  nm,  N  2  )  of  ethyl  2-amino  benzoate 
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(hereafter  referred  to  as  the  ortho  photo-Fries  product  of  EPC) 
with  a  single  exponential  decay  tine  of  9.33  nsec  in  DMF . 

Comparing  the  fluorescence  decay  time  of  9.34  nsec  (Figure  2) 
obtained  by  monitoring  the  photoly2ed  EPC  solution  in  air  at  420 
nm  gives  positive  identification  of  the  ortho  photo-Fries  as  the 
species  responsible  for  the  red  shifted  emission  with  maximum 
above  400  nm. 

In  addition  to  the  EPC  model,  we  have  also  analyzed  the 
photolysis  of  a  model  biscarbamate  of  ! ID I  (shown  below). 


Like  EPC,  the  photolysis  of  the  model  biscarbamate  (1  hour, 
Rayonet  Reactor,  300  nm  lamps,  air)  gives  a  steady-state  emission 
spectrum  with  red  shifted  maximum  above  410  nm  with  the  long 
lived  component  of  the  fluorescence  decay  curve  (fit  to  a  double 
exponential  decay  function)  having  a  lifetime  of  9.97  nsec. 
Comparison  with  the  11.1  nsec  (1.5  x  10-4  DMF)  decay  time  of 
propyl  2-anino  5 -me t h v 1 b e n zoa t e  (PAM3),  a  model  ortho  photo- 
Fries  product  which  is  para  methyl  substituted,  leads  to  the 
conclusion  that  photolysis  of  the  model  biscarbamate  of  EDI  also 
results  in  ortho  photo-Fries  product  formation  when  photolyzed  in 
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solution.  The  results  for  photolysis  of  EPC  and  the  M  D I 
biscarbaaate  model  are  compiled  in  Table  I  a  Ion  3  with  the 
appropriate  entries  for  the  two  authentic  photo-Fries  compounds 
utilized  for  comparison.  Similar  data  to  those  reported  in  this 
paper  for  EPC  photolysis  have  been  found  for  other  mono-  and 
bisarylcarbamates  which  suggests  that  the  ortho  photo-Fries 
product  formation  is  a  general  reaction  for  photolysis  of 
arylcarba  mates  (12,13  and  16).  The  results  derived  from  this 
section  on  model  compound  studies  will  be  utilized,  along  with  (j V 
spectral  and  gel  percent  measurements,  to  analyze  the  photolysis 
of  actual  segmented  aromatic  diisocyanate  based  polyurethane 
films. 

Photolysis  of  Segmented  Pol  v urethanes  Based  on  EDI  —  Chain 
Flexibility  Effects  U  s i n  n  U  V ,  Gel,  and  Fluoresce nee  Analysis  I n 
this  section,  results  are  presented  for  the  effect  of  chain 
flexibility  and  hydrogen  bonding  on  the  photolysis  of  a  series  of 
segmented  polyurethanes  based  on  M  D I  and  various  polyether 
polyols  which  are  chain  extended  with  1 , 4-butaned iol  (3D0).  Two 
sets  of  polyurethanes  were  synthesized  for  this  study  by  the 
standard  prepolymer  method  (29).  The  first  set  is  a  series  of 
MDI/l,4-butanediol  (3  DC)  / poly  (tetra  methylene  oxide)  (FT  MO  — 
average  molecular  weight  1000)  polymers  with  varying  hard  segment 
(1,4-butanediol  extender)  content.  In  the  first  series  of 
polymers,  names  are  based  on  the  ratio  of  MDI :  BDO :  PTMO .  For 
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example,  a  polymer  comprised  of  4  parts  MDI, 


parts  DQO,  and  1 


part  PTMO  would  be  naned  PU-PTMO  4:3:1  indicating  that  it  is  an 
elastomeric  polyurethane  (PU)  based  on  poly( tetranethy lone  oxide) 
(PTMO)  with  molecular  ’..'eight  1000  and  an  ilDI :  BDO :  PTMO  ratio  of 
4:3:1.  The  second  series  are  based  on  MDI  and  poly(ethylene 
oxide)  (PEO)  with  the  1,4-butanediol  extender.  In  this  series, 
the  ratio  of  MDI:3D0:PS0  is  2:1:1  for  each  polymer  and  names  are 
based  on  the  PEO  molecular  weight.  Thus,  the  segmented 
polyurethane  comprised  of  2  parts  MDI,  1  part  1,4-butanediol,  and 
1  part  PEO  (average  molecular  weight  of  300)  is  PU-PE0  300.  The 
other  polymer  in  this  series  is  named  accordingly  PU-PE0  600.  A 
generalized  structure  of  the  segmented  polyurethanes  utilized  in 
t  h  i  a  a  action  is  s  h o  v n  below. 


PEO  or  PTMO 


MDI 


BDO 


o 

,  ii 

vwv-^-0 — CHj — CHjT^O  C  H 


-CH2- 


H— C— O-f- CH,^0"WW 


Soft 


Hard 


The  soft  segment  may  either  have  ethylene  oxide  (as  shown)  or 
tetra  methylene  oxide  repeat  units.  In  keeping  with  the 
traditional  view  of  segmented  polyurethanes  the  soft  and  hard 
segments  are  identified  as  the  polyol  and  the  MDI/ MD0  region, 
respectively.  Results  are  presented  first  for  the  PTMO  based 
polyurethanes. 


Figure  3  shows  results  for  the  change  in  the  absorbance  at 
4 (JO  n m  (selected  to  illustrate  t h c  absorbance  buildup  in  the  far 


UV/near  visible  region)  upon  photolysis  of  two  IlDI-PTilO  based 
polyurethane  films.  The  polyurethane  represented  by  curve  "a" 

has  a  ratio  of  I  ID I : BDO : PTMO  of  2:1:1  (PU-PTMO  2:1:1)  while  curve 
"b"  is  for  a  polyurethane  with  I'  ID  I  :  3D0:  PTMO  of  5:4:1  (designated 
PU-PTMO  5:4:1).  Even  though  the  PU-PTMO  5:4:1  polymer  has  a 
significantly  higher  concentration  of  carbamate  chromophores  its 
rate  of  absorbance  increase  with  photolysis  tine  is  less  than  for 
the  PU-PTMO  2:1:1  polyurethane.  Apparently  the  larger  content  of 
hard  segments  in  the  PU-PTMO  5:4:1  polymer  retards  the 
photodegradation  process.  Similar  results  have  been  found  for 
increase  in  gel  content,  i.c.,  photolysis  of  PU-PTMO  5:4:1  for  a 
given  time  results  in  a  lower  production  of  insoluble  gel  than 
for  PU-PTMO  2:1:1.  In  fact,  Figure  4  shows  that  in  general  as 
the  hard  segment  concentration  increases  (increasing  BDO  content) 
the  extent  of  insoluble  gel  formed  upon  photolysis  (S  hours, 
Bayonet  Beactor,  300  nm  lamps,  air)  decreases.  Interestingly, 
there  is  a  large  drop  (by  almost  half)  in  the  gel  percent  going 
from  the  PU-PTMO  2:1:1  polymer  to  the  PU-PTMO  3:2:1  polymer 
followed  by  a  leveling  off  with  increasing  BDO  content.  The 
decrease  in  photolytic  reactivity  of  the  segmented  polyurethanes 
correlates  with  the  increase  in  hard  segment  (!iDI-BD0  portion) 
content  of  the  polymer.  This  is  due  to  a  decrease  in  polymer 
flexibility  and/or  an  increase  in  hydrogen  bonded  carbonyl  with 
increasing  hard  segment  concentration  in  the  polyurethane 
bade  bone.  (This  concept  ’will  bo  explored  further  in  the  next  feu 
paragraphs  in  an  investigation  of  the  photolysis  of  the  PEO  based 
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polyurethanes)  . 

Before  di.scussi.n3  the  results  for  photolysis  of  the  PU-PEO 
films  in  the  solid  state,  the  photolysis  of  PU-PEO  300  and  PU- 
PEO  600  in  DMF  solution  (30  min,  300  nm  Lamps,  Eayonct  Reactor, 
air)  gives  a  new  fluorescence  emission  (curve  b,  Figure  5)  above 
400  na,  The  lon3  lived  lifetime  components  of  the  emission  above 
400  nm  are  approximately  10.7  nsec  and  10.0  nsec  for  the 
photolyzed  PU-PEO  300  and  PU-PEO  600  solutions  (Table  II).  By 
comparison  with  the  lifetime  of  the  model  photo-Fries  product 
(propyl  2-amino  -me  t  n  y  1  b  e  n  zo  a  t  e  )  shown  in  Table  II,  the  emission 
above  400  nm  can  be  assigned  (at  least  in  part)  to  an  ortho 
photo-Fries  type  product.  These  results  are  also  consistent  with 
tne  lifetime  for  the  photolyzed  biscarbamate  solution  in  Table  I 
and  provide  further  evidence  for  formation  of  the  ortho  photo- 
Fries  product  in  the  PU-PEO  300  and  PU-PEO  600  solutions. 

Photolysis  of  the  PU-PEO  300  and  PU-PEO  600  films  in  air,  as 
opposed  to  the  solution  photolysis,  gave  quite  different  results. 
The  photolyzed  PU-PEO  300  film  (Figure  5)  showed  no,  or  at  least 
very  little,  new  emission  above  400  nm.  By  contrast,  the 
photolyzed  PU-PEO  600  film  (Figure  7)  is  characterized  by  a  new 
emission  above  400  nm  which  has  a  cul tiexponential  decay  curve. 
Although  positive  identification  of  all  of  the  species 
contributing  to  the  emission  above  400  nm  in  Figure  7  cannot  be 
made,  the  important  fact  is  that  the  photolyzed  PU-PEO  600  shows 
the  new  emission  above  400  nm  while  PU-PEO  300  does  not. 

Results  are  shown  in  Figure  S  for  the  increase  in  go  l 


formation  upon  photolysis  (Rayonet  Reactor  300  nm  lamps)  of  ?U- 
PEO  300  and  PU-PEO  600  films  in  air.  As  the  molecular  weight  of 
the  PE0  soft  segment  doubles,  the  percent  insoluble  gel  formed 
increases.  How  can  these  results  be  explained?  One  might  first 
turn  to  a  crystallinity  argument.  however,  DSC  and  X-ray 
diffraction  analysis  of  the  segmented  polymers  show  little  or  no 
crystallinity  for  either  PU-PE0  300  or  PU-PE0  600. 
Consideration  of  the  increasing  flexibility  of  the  soft  segnent 
on  going  from  PU-PE0  300  to  P'J-PEO  600  no  doubt  accounts  for  some 
difference  in  behavior.  And  certainly  oxygen,  which  is  necessary 
(as  demonstrated  in  another  paper  in  this  series  (23))  to  the 
crosslinking  process,  might  be  expected  to  diffuse  faster  in  the 
PU-PE0  600  than  in  the  PLf-PEO  300  film.  Dut  a  most  compelling 
argument  involves  the  dramatic  difference  in  the  nature  of  the 
hydrogen  bonding  characteristics  of  the  two  segmented 
polyurethanes  under  consideration.  The  FT-IE  spectra  of  PU-PE0 
300  and  PU-PE0  600  (Figure  9)  reveal  a  hydrogen-bonded  carbonyl 
(1,705  cm-l)  and  a  non-bonded  or  free  carbonyl  (1,725  cn~l)  (see 
reference  22  for  discussion  of  this  phenomena).  In  the  case  of 
PU-PE0  300,  there  is  a  significant  degree  of  hydrogen  bonding  to 
the  carbonyl  in  the  urethane  moiety.  PU-PE0  600  on  the  other 
hand  has  primarily  non-bonded  carbonyl  and  is  free  to  move.  This 
could  well  account  for  the  lower  yield  of  gel  content  on 
photolysis  of  PU-PE0  300  since  the  carbonyl  radical  formed  by  an 
ii-C  bond  cleavage  in  the  excited  urethane  group,  if  restricted  by 
hydrogen  bonding,  night  be  less  likely  to  lead  to 
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photodegradation.  The  hydrogen  bonding  argument,  in  general, 
calls  for  restrictive  local  mobility  and  as  such  would  be 
expected  to  inhibit  processes  leading  to  crosslinking  (gel 
formation)  . 

In  summary,  it  is  not  difficult  to  imagine  that  the  reduced 
degradation  of  PU-PEO  300  results  from  a  decrease  in  flexibility 
due  both  to  hydrogen  bonding  as  well  as  the  inherent  shorter 
length  of  the  PRO  soft  segment.  Of  course,  both  factors  are 
closely  related  and  difficult  to  differentiate  between.  Finally, 
the  argument  advanced  for  the  differences  in  the  PU-PCO  films  can 
be  extended  to  the  PU-PTliO  polymers.  The  decrease  in  gel 
formation  upon  photolysis  of  tiia  PU-PT.IO  polyurethanes  with 
higher  hard  segment  content  is  probably  due  to  an  increase  in 
hydrogen  bonding  and  decrease  in  chain  flexibility. 


coh'CL’Js  io:;s 

Results  for  the  photolysis  of  segmented  polyurethanes  [based 
on  i'i  D I  ,  an  aliphatic  diol  (1,4-butanediol)  and  appropriate 
polyols]  have  been  presented  with  emphasis  on  the  effect  of 
physical  structure  of  the  film  on  the  photodegradation  process. 
The  following  general  conclusions  can  be  drawn  from  the  results 
in  this  paper: 

1.  The  photocegradation  of  segmented  aromatic 
polyurethanes  is  directly  related  to  the  hard  segment 
content  of  the  polymers. 


The  piiotolytic  degradation  of 


segmented  aromatic 


polyureth'anes  is  inversely  related  to  the  extent  of 
hydrogen  bonding  in  the  carbamate  chromophores . 

3.  The  photolysis  of  model  aryl  carbamates  can  be 
effectively  utilized  in  the  study  of  aromatic 
polyurethanes  . 
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FIGURE  3 


FIGURE  9 


FIGURE  CAPTIOUS 


Fluorescence  decay  curve  (M2)  of  2  x  10~^U  solution  of 
ethyl  2 -amino  benzoate  in  D.'iF.  A.  ex  =  330  nr. , 

Aen  =  420  nn. 


Fluorescence  decay  curve  (M2)  of  photolyzed ( (Rayonct 
Reactor,  300  nn  lamps,  1  hr,  air)  2.4  x  1 0 ~ ^ M  solution 
of  ethyl  U-phcnyl  carbamate  in  DMF.  Ae::  =  330  nn, 

Aem  =  440  nn, 


UV  absorbance  changes  (recorded  at  400  nn)  as  a 
function  of  Photolysis  tine  (Rayonet  Reactor,  300  nn 
lamps)  for  (a)  PU-PTMO  2:1:1  and  (b)  PU-PT'.iO  5:4:1 
films  in  air. 


Gel  Percent  formation  versus  hard-segnent  content  on 
photolysis  (Rayonct  Reactor,  300  nn  lamps,  3  hr,  air) 
of  PU-PT'.iO  polyurethane  films  in  air. 


Fluorescence  spectral  change  ( A  c  x  =  230  nn)  on 
photolysis  (Rayonet  Reactor,  300  nn  lanes,  30  nin, 
air)  of  PU-7F.0  300  (O.Olg/dL)  and/or  PU-PE0  600 
(O.OOSg/dL)  in  DGF  solution.  (a)  0  nin  photolysis, 
(b)  30  nin  photolysis. 


Fluorescence  spectral  change  (Key.  =  235  nn)  on 
photolysis  (235  nr. ,  Xenon  lann/nonochronator)  of  PU- 
PZ0  300  film  in  air.  (a)  0  nin  photolysis.  (b)  20 
min  photolysis.  (c)  40  nin  photolysis.  (d)  60  nin 
photolysis. 


Fluorescence  spectral  change  (A  ex  =  235  nm)  on 
photolysis  (235  nn.  Xenon  1  amp  /.nonoch  r  ona  t  o  r  )  of  ?U- 
PEO  600  film  in  air.  (a)  0  nin  photolysis.  (b)  20 
nin  photolysis.  (c)  40  r.iin  photolysis.  (d)  60  min 
photolysis. 


Gel  percent  formation  versus  photolysis  time  (Rayonet 
Reactor,  300  nn  lamps)  for  PU-PH0  3C0  and  PL’-PEO  600 
films  in  air. 


IR  spectra  of  PU-i’EO  300  and  P'J-PEO  600  films. 
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TABLE  I.  Photophysical  Data  for  Photolyzed 
Model  Aryl  Carbamates 


Compound 


Photolysi s 

Condi tions  Amax(nm)e  Lifetime(nsec) 


Unphotolyzed  405  9.38f 


Unphotolyzed  416 


11 .1 


f 


Photolyzed--!  hr 

in  Rayonet  Reactor  402  9.34f 

(300  nm  lamps) 


Photolyzed--!  hr 

in  Rayonet  Reactor  402  9.979 

(300  nm  lamps) 


a.  2  x  1 0_4M  in  DMF 

b.  1 .7  x  lO^M  in  DMF 

c.  Unphotolyzed  sample  is  2.4  x  10“^M  in  DMF 

d.  Unphotolyzed  sample  is  9  x  10~^M  in  DMF 

e.  Emission  maximum  recorded;  uncorrected  for  instrumental  spectral  response 

f.  Decay  curve  fit  to  single  exponential  decay  function 

g.  Long  lived  component  of  decay  curve 


TABLE  II. 


Photophysical  Data  for  Photolyzed 
PU-PEO  300  &  PU-PEO  600  Solutions. 


Compound 

NHj 

Photolysis 

Condi tions 

A  max  (nm 

Lifetime (nsec) 

XT”' 

Unphotolyzed 

416 

11  .le 

II 

CHj 

PU-PEO  300b 

Photolyzed— 30  min 
in  Rayonet  Reactor 
(300  nm  lamps ,  N2) 

425 

10. 7f 

PU-PEO  600C 

Photolyzed--30  min 
in  Rayonet  Reactor 
(300  nm  lamps,  N2) 

425 

10. 0f 

a.  1.7  x  10"4M  in  DMF 

b.  Unphotolyzed  sample  is  o.Ol  g/dl  in  DMF 

c.  Unphotolyzed  sample  is  0.005  g/dl  in  DMF 

d.  Emission  maximum  recorded;  uncorrected  for  instrumental  spectral  response 

e.  Decay  curve  fit  to  single  exponential  decay  function 

f.  Long  lived  component  of  decay  curve 


